The Accreditation Council for Graduate Medical Education (ACGME) and the American Board of Medical Specialties identified systems-based practice (SBP) as one of the six core competencies in which physicians must be proficient to deliver patient care that is safe and high in quality. 1 Five of seven pathology SBPs relate to laboratory management. 2 The topics include Regulatory and Compliance (SPB2); Resource Utilization (Personnel and Finance) (SBP3); Quality, Risk Management, and Laboratory Safety (SBP4); Test Utilization (SBP5); and Technology Assessment (SBP6). The other two SBP milestones relate to Patient Safety (SBP1) and Informatics (SBP7). Weiss et al 3 described the gap between training and practice expectations in management and leadership skills. They suggest that there should be more practical experiences, comprehensive curriculum, and better access to supplemental materials. They acknowledge that many programs approach the five SBP milestones through resident participation in real or mock laboratory inspections, a rotation shadowing a faculty member that is a director for a laboratory, didactic lectures, defined projects, and reading material. Although participation in these activities should lead to learning a variety of topics addressed in the milestones, the experiences residents have will be different each month even in the same program. So they recommend the development of a toolset that can be used to comply with the management-specific competencies. In addition, we need better evaluation methods since activities such as reading, sitting in a lecture, or shadowing a director are not quantifiable.
Achievement in the milestones are ranked from levels 1 to 5. The incremental level of knowledge with each level of the SBP milestones is very specific. For example, for level 3 on SBP4, the resident should "demonstrate a knowledge of proficiency testing and its consequences," while for level 4, the resident must "review and analyze proficiency testing results." For level 3 of SBP6, the resident "understands and describes the process of implementing new technology," while for level 4, the resident "participates in new instrument . . . validation." Thus, differences in the level achieved have real meaning; however, this is not reflected in how residents or faculty see the progression through the SBP milestones. To illustrate, the pathology milestones have been alpha tested in four programs. 4 Heat maps where milestone levels were represented in a spectrum from red (lower level) to green (higher level) showed that postgraduate year 4 (PGY4) residents at alpha sites rated themselves to be red to yellow (levels 2.5-3) for the milestones related to laboratory administration (SBP2-6). Evaluations by the Clinical Competency Committee (CCC) for the same residents were primarily yellow (levels 3-4) for the laboratory administration milestones. This is in comparison with the self-evaluation by PGY4 residents and CCC for that same level residents for other milestones that were rated primarily green (levels [4] [5] .
The gap observed between resident performance in laboratory administration versus other subjects underscores the need for residents to better appraise the skills described in the laboratory administration milestones. Programs in laboratory administration need to have tools that give residents confidence of having achieved at least a level 3 to 4 for these milestones. When programs use direct observation, portfolios, and 360 evaluations to evaluate residents, the data obtained are subjective and likely contribute to the lack of confidence by residents of having achieved a particular milestone level. Following we describe a laboratory administration curriculum we created and beta tested in two academic institutions that is based on the milestones and allows for objective evaluation of resident achievements.
Curriculum
Upper-level residents taking the laboratory administration rotation had to shadow a laboratory director through rounds for at least 1 month and attend laboratory huddles, meetings, and lectures. They met with the laboratory director to sign off proficiency testing results, 6-month linearities, and comparisons between instruments. During these sessions, the faculty had the opportunity to have conversations explaining different aspects of leadership and being a laboratory director. The residents were asked to read material related to the different topics that included Clinical Laboratory Improvement Amendments brochures 5 and a variety of articles and lectures [6] [7] [8] [9] [10] that address topics present in the SBP milestones. In addition, we asked residents to do human subjects research training offered by the Collaborative Institutional Training Initiative 11 (as this addresses protected health information and Health Insurance Portability and Accountability Act in levels 2 and 3 in SBP2) and the College of American Pathologists test utilization module 12 (levels 3-4 in SBP5). Emory faculty created a series of simulation interactive eLearning modules to cover the following topics: patient safety, regulatory and compliance, resource utilization, quality, risk management and laboratory safety, and assessment of new technology, as well as two verification exercises (described below). We also asked the residents to participate in or perform a mock inspection of one of the areas of the laboratory, give two 5-minute presentations to medical laboratory scientists at huddle, and turn in a PowerPoint presentation on a clinical laboratory management (CLM) topic of their choice. The PowerPoint had to include eight questions with feedback that could be converted into one of the simulation interactive eLearning modules after faculty review.
Creation of Simulation Interactive eLearning Modules
The modules are scenario/case based and address one or more of the milestones. ❚Table 1❚ shows the SBP milestone, topic, and name of the module that it addresses. These modules include quality improvement simulations and techniques used to perform quality improvement projects. Each module contains 10 to 15 questions of different types (multiple choice, match columns, multiple answers). After each question is answered, content-rich feedback is given. Articulate software (Articulate Global, New York, NY) was used for creating the modules. The modules are housed in the laboratory administration/ information technology section of a webpage that contains modules for other clinical pathology disciplines (http://www.path.emory.edu/EPeP username [EpeP], password [EPeP]; case sensitive). 13 In addition to giving immediate feedback after each question is answered, this software allows for review of the questions answered at the end of the module, and a certificate can be printed or saved as a pdf file. The residents taking the laboratory administration rotation were asked to do each of the modules, pass with a score above 80% so as to prove that they have mastered the material presented, and print the certificate to be presented to the faculty in charge of the rotation. Our experience with other modules in the same website is that it takes at least two tries for trainees to achieve 80% correct answers.
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Creation of Verification Exercises
Data from verification of two previously established tests in the laboratory were printed and given to the residents at the beginning of the rotation. The verification exercises were presented in a "real-world" sequential way. They included questions regarding whether the resident would sign off on the different components (precision, patient comparison, etc) of the verification and what other information or studies they would do when they thought it was not possible to sign off on the verification. The residents were instructed to go over the paperwork and answer the questions after they had reviewed the eLearning modules on verification and validation as well as reading material and lectures on verification and validation. 10 Their answers were discussed with the faculty in charge of the rotation. The verification exercises included data of the verification of a third-generation human immunodeficiency virus rapid test to a fourth-generation test as an example of a qualitative test, as well as a change of instrumentation for performing erythrocyte sedimentation rate 14 as an example of a quantitative assay. Both verifications were not straightforward as each presented different degrees of difficulty.
Curriculum Evaluation
Evaluation of the curriculum was performed via four means at Emory (the institution that created the CLM) and Johns Hopkins so as to define if the curriculum can be used by other institutions. First, the same 25-question knowledge assessment was given to residents before starting the rotation and at the end. A paired t test was performed to define if scores of the knowledge assessments were different statistically using the online https://graphpad.com/quickcalcs calculator. Second, the certificates from the eLearning modules not only provided evidence that the residents had read and mastered the material but also gave us a measure of the passing grade for each milestone. Third, we asked the residents to evaluate the different components of the rotation as well as their understanding of the different topics using a Likert scale questionnaire (psychometric scale with an equal number of positive and negative positions). Last, we asked the residents to choose from a series of words (word cloud) those that best described their experience in the rotation.
Results
A total of 14 upper-level residents completed the rotation. Thirteen residents were trained in both anatomic pathology and clinical pathology and one was trained in anatomic pathology only. The average score before the rotation was 12.4 (range, 9-16.5) while the average score on the same 25-question knowledge assessment at the end of the rotation was 20.8 (range, 12-25). The average increase in score was 8 (range, 3-11.5; P = .0001). ❚Figure 1❚ shows the number of residents with correct answers before (dark gray) and after (light gray) the rotation, by 
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AJCP / Original article milestone. In the assessment before the rotation, there was one question regarding inspections (SBP2) that all residents answered correctly. In addition, 70% of residents had correct answers for six additional questions in the assessment before the rotation. These included different components of SBP2, SBP3, and SBP4. In the assessment after the rotation, five questions were answered correctly by all residents. These five questions included different components of SBP1, SBP2, SBP3, SBP4, and SBP6. In addition, 70% of residents had correct answers for 13 additional questions in the assessment after the rotation. The mode of the eLearning module certificates varied from 80% to 100%. The range went from 58 to 100, showing that not all residents complied with the requirement to obtain more than 80% in their eLearning modules to reach levels 3 to 4 in the milestones. Some of the PowerPoint presentations with questions and feedback that the residents have created since we started the evaluation of the new curriculum have already been converted into eLearning modules, including "A fire in the laboratory," "Can we release these results?" "19-year-old woman with new-onset seizures," and "Multiple glucometers in the hospital are not working."
Likert scale of how comfortable residents felt with the different topics demonstrated that over 75% felt "very comfortable" with the following topics: patient safety goals, proficiency testing, test utilization, and verification of new procedures. Although there were no topics that most residents rated as "least comfortable," some residents rated four as such, including institutional review boards, sources of income, coding, and root cause analysis. Likert scale of the value given by residents to the different teaching methods showed that the eLearning modules were "very helpful." In addition, 87% of the residents thought that the verification exercises and conversations about different topics with the directors were "very helpful." The activities that residents found "least helpful" were rounds, huddles, and following the directors ❚Figure 1❚ Number of residents with correct answers before and after the rotation by milestone. Bars at or above the black line indicate correct answers by more than 70% of residents. For systems-based practice (SBP) 1 (patient safety, questions 1-3), no questions before the rotation were answered correctly by more than 70% of residents, but after the rotation, two questions were answered correctly by more than 70% of residents. For SBP2 (regulatory and compliance, questions 4-10), three questions were answered correctly by more than 70% of residents; these increased to five after the rotation. For SBP3 (resource utilization, questions 11-14), no questions were answered correctly by more than 70% of residents before the rotation, but after the rotation, all three questions were answered correctly. For SBP4 (quality, risk management, and laboratory safety, questions 15-22), four questions were answered correctly by more than 70% of residents before the rotation, increasing to five after the rotation. Last, for SBP6 (technology assessment, questions 23-25), there were no questions that were answered correctly by more than 70% of residents before the rotation, but after the rotation, all three questions were answered correctly by more than 70% of residents. In summary, for all the SBP milestones assessed by the knowledge quiz, there was improvement.
to "all meetings they had." We asked residents to choose five of 21 descriptive words regarding the course (word cloud). The most frequently chosen words included "very useful" and "informative." All residents said the rotation would be useful for their daily work. In addition, some residents have expressed that the rotation is considered among them as "high yield" (qualifier not included in the word cloud). Suggestions for improvement included decreasing the number of meetings the director takes them to and having more interactive modules.
Discussion
The curriculum we present here is innovative as it uses simulated, interactive eLearning modules specifically designed to fulfill the SBP pathology milestones. These modules were the activity that all residents found to be "most helpful." This is not surprising as online modules for a variety of disciplines allow ease of access (time of day, different locations) and individualized pace of instruction for trainees. 15 In addition, these modules can be accessed outside the rotation; thus, they can be used to prepare for examinations/boards. For faculty, the laboratory administration eLearning modules provided standardized content specific for the pathology milestones and an ability to objectively track a learner's activities, such as completion of assignments and mastery of the topics.
Conversations with the laboratory director were considered very helpful by residents in the rotation. They allowed for setting the stage of the rotation by showing residents the activities that pertain to each SBP milestone level. The faculty showed that levels 4 and 5 were aspirational and that not all pathologists participate in activities defined in the higher levels. These conversations also provided time to explain a variety of aspects related to the functions of laboratory directors, display leadership characteristics, and give time for residents to ask questions regarding the materials they were given to read. Although trainees find eLearning material very helpful, personal contact that allows for asking questions and receiving explanations has proven to be valued in many disciplines. 16 Residents defined as "very helpful" the verification exercises given to them. These exercises were chosen as examples of qualitative and quantitative assays, and for both, the answers were not straightforward. These exercises used a case-based learning approach where there is a correct answer for every question presented to the resident but each answer required explanations as to why it was correct. The residents tended to struggle more with the sedimentation rate assay verification as this assay presented unusual challenges, including need for a large number of comparison samples and large coefficient of variation at lower analyte concentrations. 14 Having two exercises proved that the curriculum can be adapted to AP-only residents since the quantitative assay verification exercise was not given to this resident as it would not have been useful: most verifications of immunohistochemical studies are qualitative.
The requirement of preparing for an inspection, going over the checklist that pertains to the area that will be inspected, conducting the inspection, and presenting the findings fulfills multiple aspects of training. It allows for the resident to better understand what is involved in an inspection and delve in a particular area of the laboratory with emphasis in regulatory requirements and compliance. The area inspected can be selected for specific resident needs (AP vs CP residents). Although many residency programs involve residents in their self-inspections, it is possible to have residents who, for a variety of reasons, have not been involved in these inspections. Thus, having the requirement in the rotation ensures that all residents do an inspection. In addition, performing these out-of-cycle inspections has great value to the institution as there is constant inspection preparedness.
We continue to ask residents to produce a PowerPoint presentation with questions and feedback that could be integrated into the already existing eLearning modules. This requirement allows residents to take a laboratory administration topic and delve deeply into the topic. Creating the questions also gives residents a glimpse into the correct way of making questions and providing adequate distractors. Not all residents' PowerPoint presentations are suitable for publication on the webpage. For publishing on the webpage, the residents' PowerPoint presentations needed to be reviewed and modified. However, modules that are published on the webpage can be cited in the residents' curriculum vitae as having created educational material/publication.
Residents suggested that the number of meetings faculty take them to needs to be limited. Although it is important for them to realize that laboratory directors attend a vast number of meetings, it is more useful for them to realize the type of meetings attended and the role pathologists are playing in them. Taking time to explain to them the background and reason for the meeting is imperative. Also, a debriefing after the meeting explaining the different roles that people are playing (lead, facilitator, minute taker) and the best way to conduct a productive meeting need to be pointed out. Faculty conducting these rotations need to work on choosing those meetings that are of interest to the residents and those in which they can participate.
In summary, we describe a curriculum for pathology residents in laboratory administration. The novel introduction of interactive, simulation eLearning modules was well liked by residents and provided standardized instruction and an objective measurement of mastery of concepts for faculty. Other institutions interested in using these modules can access them as these are free. Verification exercises and conversations with faculty were considered very helpful by residents. Both institutions that participated in this project continue to use the curriculum for residents and are developing new eLearning modules, particularly those more pertinent to AP residents. We welcome other academic institutions to use the described curriculum.
